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ABSTRACT

The first part of this paper provides a brief tutorial introduction
of the Bayesian Approach to identification of a remotely sensed environ-
ment. The second part describes the input data deck setup for the Fortran
IV program which has been written to implement this approach. The third
part describes file usage and subroutine organization. The fourth part
provides a listing of the program with a simple sample data set.
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PART I

THE BAYESIAN APPROACH TO IDENTIFICATION

OF A REMOTELY SENSED ENVIRONMENT




I. THE BAYESIAN APPROACH TO IDENTIFICATION
OF A REMOTELY SENSED ENVIRONMENT

Using remote sensors we can make measurements of an environ-
ment. The set of measurements made will be callcd the data set. Our
job is to examine the data set in order to identify whet the er.vironment
is made up of: our problem is how should we do it? In what follows
we describe the Bayesian decision approach with a deterministic decision
rule.

We assume that distinct boundaries enclose a limited envirenment,
which is made up of small-area patches, one next to the other., The
identification of the environment consists of identifving each small-area
patch within one category of a given set of categories, We assume that
such an identification is sensible and possible.

In order to make any identification we must have knowledge con-
cerning which kind of measurements are typical measurements of the
catecories we wish to identify. This knowledge is succinctly contained
in a classification, which is a mapping, associating with each measure-
ment the category to which it is most typical - given a specific decision
criterion. Therefore, if we are to identify measurements in a data set
we must have a classification.

How do we obtain a classification? We perform an information
gathering experiment. From the population of all eavironments, we
sample one or a few in which it is possible to identify many small-area
patches within each category of interest. The proportion of occurrence
of each category in the sampled environment(s) does not have to be
representative of the average probability of occurrence of each category
in the entire environmental population. However, if we have no infor-
mation regarding the average probability of occurrence of each category
in the environmental population, then we would want to choose the

sampled environment(s) so that the proportion of occurrence of each

catoegory in the sampled eavironment(s) is an unbiased estimate of the




average probability of occurrence of each category in the environmental
population. In either case, the small-arcs patches within each of the
sampled environment(s) 1o have to be representative of the categories
with which they are identified.

With each of our scnsors, we measure each small-area patch in
the chosen environments. From photo-interpretstion or field studis -,
the environments arc examined first hand, and an identification of each
small-area patch is made. The sequence of such identifications is
called the "ground truth identification" or simply "ground truth". It is
from the data set (the sequence of measurements ) and the ground truth
(the sequence of identifications) that we can find a Bayes classification.

At this point we must introduce some mathematical notation.
LetC = {cl}K1 be the set of X given categories; Cy is the symbol used
for the ith category. We suppose, for convenience, that each sensor
produces only one number for each measurement it makes of a small-
area patch We suppose further, that the jth sensor must produce a
number belonging to its range setL. = {1..,1,,...,1. . }. This

) it e JNj

supposition is fully in accord with reality, since the output of any
sensor is always equivalent tc a pointer-reading on a dial. Pointer-
readings can never be discerned precisely, and are thus discerned
approximately to third, or fourth, or,... ,Nth place accuracy.
Measurement space M is the set of all mecasurements which are
possible to make with the set of S sensors. M is conveniently described
as the carterian product of the range sets; M = LI X L2 Xe o X LS. This
is the set ¢f measurements wnich contain for elements, all the possible
numbers produced by sensor one, coi.bined with all the possible numbers
produced by sensor two, ..., combined with all the possible numbers
produced by sensor S. Fer convenience we number the measurcments in

M M ={mn}N , where N is th: total numbur of elements in measurement
n=1
space. Filnally we must provide a gocdness criterion; thus, we introduce

a gain function g. q(zr‘,c)) is vur cconomic gain if we identify o measure-




ment as belonging within the ith category wh2n that measurement was
made of a small-area patch actually belonging within the jth catecory,
We have already mentioned that a classification is a mapping or
rule which associates with each measurement m. in M, the category cy
to which it is most typical - according to some decision criterion. Cur
decision criterion is economic; "most typical to" translates to, "that
association by which we, on the average, gain the most economically”.
Therefore, according to our decision crit rion, we can judge each possible
clagsification. That classification which enables us to gain the :.0st,
on the average, is the classification which is best; it is that classification
which we wish to find.
Let us now examine how the average gain mey be calculated. Let
f be a classification mapping. f is a function whose domain is the set
M, and whose range is the set C; f: M~C. For each element mo € M
the function associates one and only one category c € C. We defire the
characteristic function hf for f as follows: for every m, ¢ M, Ci € C.

hf(ci’mn) = 1 if and only if f\mn) =c,

0 otherwise

In other words hf(ci,mp) is 1 if and only if the classification f identifies
the measurement m_ as belonging within the category Cy- The average

gain A for the classification { is easily sc¢en to he:

K K E
A(f) = Z z >J g(':k,ci)hf(ck.n.")P(mnlni;P(ci)
=1 k=1 n=1

where P(mngci) is the conditional probability that the measurement mn
will be made of a small-area patch yiven that the patch belongs within
category Cl' P(‘ci) Is the probability that any small-area patch of the




environments in the population belongs within category Cys and g(ck,ci)

is the amount gained if a patch which actually belongs within category

¢, is identified within category Cp

Of the four terms in the summation, g(ck,cl) is specified as part

of the identification goodness criteria, hf(ck,mn) is defined from the

. classification f, P(mnlcx) will be determined from the data gathered in
the experiment, and P(ci) is an additional a priori probabilily which we
will have to specify. Let us now examine in detail how the conditional
probabilities are determined from the experimental data.

The data set i @ sequence D of R measurements;

D= <mr1, mrz, - ,er> .

The ground truth corresponding to sequence D is a sequence T of R not
recessarily different category identifications; T = <cr1 . crz, N ch> .
Lot # be the countinig measure, #(D) is the number of elements in the
scquence D; thus, #(D) = R. A sequence is really a function whose
domain is the set of integers I. The data set D is then a function which
associates with each integer, a measurement; D: I - M. The ground truth
1 is also a function and it associates with each integer a category;

T: 1-C. D(7), for example, is then just the seventh element in the

sequence D; D(7) = . D‘l(m) {s the set of all Integers i for which
7
D(f) = m. The statistic ﬁ(mn]cl) estimating P(mnlcj) is defined as

-1 ol
#D " m )N e )
v17 e )

Ll

?’(mn‘ci) when ﬁ(T-l(ci)) # O)

0 otherwise
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S(mnlci) is the number of integers which are associated with the measure-
ment m, in the sequence D and with the category 4 in the sequence T,
divided by the number of intcgers associated with the category N in
sequence T, Stated simply, P(mn !ci) is just the number of times the
measurement m  was made of a small-area patch belonging within
category c;, divided by the number of times a small-a: . patch belongad
within the category ci

The & priori probabilitics P(ci) can cither be estimated from the
sampled data set (if this data set is representetive of the population) or
from our forekrnowledge of the population of environments. If we can
assume that the few cnvironments we have chosen to sample for our

experiment are representative of wnie population, then

#1Ne))

A
Plc)) =
R
is a reasonable estimate, If we cannot maka such an assumption and we
believe that a small-area patch is just as likely to belong within one
A
category as within another, then P(ci) = 1/K is a rcasonable estimate,
i ol
From the estimates f}(m“g(:i) and P(ci) we may estimate the
" !
average gain A for any classification . As before let hf be the

characteristic function for f.

-~

hf((‘k,t;)n) = 1 if and only it f(mn) - ¢

-0 otherwise

K K N
Att) - (e, o o B teBle)
{t) - dleg o (o (;‘;“i(.i {c)).
T S

L) )
We seek the Bayes clagoitoo ston 1% which maslinizes A, (* iy

eastly detined, Por cach measur zient fa i TOrany classitication £,

. -




there will be one and only one category cj such that hf(cj,mn) =1, Ccn-
sider the amount 3(cj,mn) gained due to the {dentification of measurement

m, as belonging within category Cj’

K
d(c,m,) = Zg(cj,ci)lg(mn!ci)f’(ci)
=1

Tr.e maximum E\(f) is certainly achieved if for each measurement mo.
f(mn) = Cj where < maximizes S(Cj,mn). Therecfore we just have to
compute 3(cj,mn) forj=1, 2,...,K to determine which category, Cj
maximizes it. Then we define f*(mn) = cj.
In this manner we can define how to best identify each measurement
which actually occurred in the data sequence D, However, there may be
many measurements in measurement space M which did not occur in the
data sequence. How should thcse measurements be identified in the
classificition? Since we have r.o data or statistics for thesc measurements
it seems that we have no way to dcal with them! Here we must draw
upon our knowledge of the structure of reality. We know that in any
environment if a measurement m is made of a small-area patch belong.ug

within category ¢, then it is iikely to make measurements m + § for other

il
small-area patches which also belong within category ci- If 3 measure-
ment m is typical of category Cy» then for small &, m + § is also typical

of category c,., Similar or close measurements are usually associated with

similar or the1 some categories. Thus in the classification we can identify
a measurement m, which did not occur in the data sequence, with the
category assoclated with m', its nearest neighbor.,

The part of the classification f* which was defined by means of
the statistics generated by the experiment is called a Bayes Classification
and hence the name "Bayesian approach.” The part of the classification

which i{s not Bayesian is said to be defined by a nearest neighbor search.

Acknowledgement: This work was supported by Project Themis (USALTL
Contract DAAK0Z2-68---0089, AKRPA order No, 1079).
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II. INPUT DATA DECK

The data for this program are received as a sequence of measure-
ments of small-area patches or objects with each measurement made by a
sensor or set of sensors. A measurement may be, for example, the average
backscatter power return from a small-area patch at incidence angles 5°, 10°,
15°, 20°, 30°, 406°, 50°, and 60°. In this case,each measurement has 8
components. The patches themselves are examined and identified as belong-
ing within one of several given categories. The sequerce of such identifi-
cations is called the "ground truth identification" or simply the "ground
truth." The Bayes program can determine a Bayes classification of measure-
ment space, based on the data and the grcand truth for the data. Once a
classification is determined, the Bayes program can icentify each measure-
ment within a sequence of measurements, This identification {s done by a
nearest-neighbor search.

The input deck is organized into four sections: title, program options,

parameter cards, and format and data.

I. Title
A) The title section consists of a single card specifying the
name of the data. The title may begin in column one and

continue through column eighty.

II. Program Qptions

A) The program option section consists of two cards, the first
card specifying all the input options and the second card
specifying all the output options.

B} Lach option is a six-character abbreviation or code.

C) The ontions start in column 16, are separated only by
commas (no embedding blanks) and may appear in any
order,

D) Only input options riay appear on the input card and only
cutput opticns may appear on the output card,

1) The input options are: PHOPTS, CORPTS, FLTING,
TATEREN, DIAGON, HLENHE, ABSQNT.

2) The output options are: ALTICH, STDPNT, DPUNCH,
PHQOQUTL, PHOUTZ, TERMNIL,




III. Parameters

A)

B)

The parameter section consists of cards, the number of
which varies with the options chosen.

There are seven basic types of information which can pos-
sibly appear in the parameter section: gain matrix, dimen-
sionality of measurements, number of measurements in the
data set, number of categories in the classification,
display size, number of levels to which the measurements
will be quantized, and means of estimating the a priovi
probability distribution.

Iv. Format and Data

A)

There are two ways to organize the format and data: photo-
graphic form and corresponding-point form. Depending on
the options chosen, the ground truth identification and its
format may or may not be present. One and only one of the
two forms must be specified: otherwise, an error message
and termination of the job will result.
1) In the photograpghic form th2 data are organized as
follows:
a) format for identification (if any)
b) identification (if any! for measurement onc, measure-
ment two, ...,measirement N,
c) format for measurements
d) component one, measurement one; component one,
measurement two;...;component one, measurement
N, component two, measurement one; componernt
two, measurement two; ., .;component two, measure-
ment N:...component M, measuremant one; =ompo-
nent M, measurament two;...;component M, meca-
surement N |
2) In the corresponding-point form the data are organized
as follows:

a) format for identification (if any) and measurements

8




b) identification (if any) for measurement one; compo-
nent one, measurement one; component two, mea-
surement one;...; component }., measurcment one:
identification (if any) for measurement two; compo-
nent one, measurement two; component two, mea-
surement two;... component M, measurement two:. ..
identification (if any) for measurement N; component
one, measurement N; component two, measu;ement

N;... component M, measurement N.

We now describe the options.

I. Input Options

A)

B)

C)

D)

E)

PHOPTS -- is the abbreviation for photographic form, and
is used when the data are in that form.

CORPTS -- is the abbreviation for corresponding point form,
and is used when the data are in that form.

FLTING -- is the abbreviation for floating point, and is
used when the data are punched on cards in floating-point
form. Itis not used when the data are punched on cards

in integer form.

PATERN -- is the abbreviation for pattern classification by
Bayes' strategy. Use of this option will output a probability
matrix where element (i,j) is the conditional probability
that a measurament which was identified as within the ith
ground truth category is identified in the classification as
within the jth category. A punched dock of the compacted
quuantized measurenants with their identifications in the
Bayes' classification will also be produced,

DIAGCN -- is the abbreviation for diagonal gain matrix
with oaes on the haganal. Spoecification of DIAGON will
interzally generate an wdentity matrix for the gain matrix,
This relicves e doer of the need to supply the appropriate

cards in the parametaer section.




II.

F)

G)

HIFNHF -- {35 the abbreviation for half and half, Speci-
fication of HLFNHF will divide the data into halves: cven
and odd points. The first, third,.. ., data points are used
to construct a Bayes' classification, and the sccond, fourth,
...,data points are i1dentified on the basis of the classifica-
tion.

ABSQNT -~ is the abbreviation for absolute maximum
quantization. Specification of ABSQNT will quantize the
measurements by determining the minimum and mAaximum
values occurring among ali the ~omponents, normalizing
each component by subtracting ti.'s minimum, dividing by
this maximum minus this minimum, and multiplying by

the number of quantized levels desired. If ABSONT is not
specified, the program finds the maximum and minimum for

each component, and normalizes component by component.

Output Options

A)

B)

C)

D)

ALTPCH -- is the abbreviation for alternate punch. Speci-
fication of ALTPCH produces a punched quantized data

deck in the alternate form. If the data are in photographic
form, the punched deck will be in corresponding-point
form. If the data are in corresponding-point, the punched
deck will be in photographic-point form,

STDPNT -- is the abbreviation for standard identification
print out, Specification of STDPNT will print out the ground
truth identification.

DPUNCH -- is the aobreviation for punched deck. Specifi-
cation of DPUNCH will produce a punched quantized data
deck in the same form as the input data.

PHOUT! -- is the abbreviation for photograph output,
Specification of PHOUT! will idantify data according to

a given classification. The classification can be internally
generated by the Bayes routine of it can be externally

supplied in the data deck. Ildentification iz done by a

10




table look-up procedure. If the quantized measurement
cannot be found in the classification, a nearest-neighbor
search is initiatrd, and the measurement is identified
with the same identificaticn as the closest measurement

to it in the classification.

If the input includes ground truth identification for a data

set and the data are further identified relative to a classi-
fication (by specification of PHOUT!]), then a contingency
table of the ground truth identification versus the classifi-
cation identification will be printed out. The (i,j)th ele-
ment of the table is the number of measurements which

were identified in the ith ground truth category and classified
in the jth ground truth category.

E) PHOUTD -- is the abbreviation for photograph output deck.
Specification of PHOUTD will produce a punched deck of
the identification which the photograph output routine
determined. PHQUTD can only be specified if PHOUTI
is specified.

F) TERMNL is the abbreviation for remote terminal format,
Specification of TERMNL will format all printed output
from the Bayes program so that cach '»» 1.as no morn
than seventy columns., if TERMNL is not specified, each

line is print.:d with one hundred thirty columns.

The gencrality of the program requires that the input parameters be
quite variable, depending on the type of data to be processed and the options
desired. Fcr example, the PATERN option may or may not require the gain
matrix as inoput depending on whethoer or not DIASON was also specified,

To facilttate setting up the input daty decx, A flow chart is illustrated in
Figwe la and 1b.

The {low chart contains two symbols, The first symbol is the
elongated circle (rectangle with roundad edgen), which asks the quastion
printed in the circle and requires a "true” or "false” answer. Depending

upon the user's answer, ohe branch s chosen trom the bottom of the circle.
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The second symbol is the rectangle, which usually signals the
addition of a single data card. Data cards are added when rectangles are
encountered in the flow chart, Two exceptions to the "one-rectangle, one-
data-card” rule are the gain matrix and the data itself. If the gain matrix
ts required (PATERN is specified and DIAGON is not specified), the user
must supply all the elements for the matrix. This will take up more than
one card if there are more than two ground truth identification groups. Simi-
larly, if there are more than eight measurements in the data set, the data
deck will have more than one card.

The final control card {s the STOP card and is the last card in the
input deck. The four-character word STOP is punched in columns one
through four. The program is designed to handle more than one data set per
run, and the user may place behind the first (or second, or third, etc.) data
set the NAME of the next data set, the proper /INPUT and /OUTPUT cards,
and the other necessery parameter cards as specified by the flow chart. The
STOP card is placed after the final set of data, and informs the system to
terminate the job. Exciuding the STOP card or misplacing any control cards

will cause a read error and termination of the jcb.




FLOW CHART FOR SETTING UP INPUT DATA DECK

IRUN NAME l

/INPUT
PHOPTS ORCORP13

PATERN,FLTING, DIAGON
HLFNHF ,ABSQNT

r

f 7 /ouTPuT

| ALTPCH ,STDPNT, PHOUT |
PHOUT 2, DPUNCH, TERMNL

# OF QUANTIZED LEVELS
#OF GROUND TRUTH CATLEGORIE

# DIMENSIONS, #POINTS//DIMENSION,—]
S (4110) ]

]

((PHOUT 1 1S SPECIFIED )

YES

PHOTO SIZE
MX MY (AZUO)

e

(PATERN IS SPECIFIED

N
% OF CLASSIFICATIONS
110
S

——— e e b

LIST OF CIASSIFICATIONS
(110, 4X, A6) _

1

P

BEEAT

®

YES .

NO

|

(_STDPNT IS SPLCIFILD )

YES NO

[ PHOTC SIZE
PalX My (2110)

) !

{_FATERN 1S SPECIFIED )

NO
I

YRS

!
1
.

'J“ B

Ficure la,
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om

)

¢ 7

(_DIAGON IS SPECIFIED )

NO YES

GAIN MATRIX '
(8F10.5) '

{

OR

{ NORMALIZED
UNORMALIZED !

L
- _ ]

( PHOPTS IS SPECIFIED )

YES NO

(PATERN OF STDPNT IS SPECIFIED)

YES NO
J

FORMAT FOR
IDENTIFICATION

[ GROUND TRUTH IDENTIF ICATION | ,

l I T

I

(TORNAT TOR DATA]

| [pata |

( O ——
| NEXT SET OF DATA OR Sfi‘Oa

o]

Figur— b,
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III. FILE USAGE AND SUBROUTINE ORGANIZATION

Blank common storage carries all problem parameters and user options
(CORPTS, PHOPTS, etc.), as well as providing a 24,000-word scratch area.
Many routines in different linksc require such parameters as the number of
dimensions of the current problem, the number of points being processed,
and the number of ground truth categories.

All other communications between links are handled by tape, disc,
or drum files. The program requires nine files — 01, 02, 03, 04, 03, 10,
11, 20, 21 — as well as the input (05), output (06), and punch (43) files
normally used in FORTRAN. Figure 2 describes file usage, and Figure 3
illustrates how much storage is needed on each of the {iles.

The Bayes program, as mentioned before, requires 36,000 words of
storage In the computer core, of which 25,000 may be shared during loading.
The program has been observed to process 350 sixteen-dimensional data

points in less than ten minutes' processor time.
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Second Half Data

Figure 2.

Tape Usage
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FILE NUMBER OF WORDS NEEDED

01 Total points

62 Total points

03 (Total Points) * # dimensions
04

09 (Total Points) * # dimensions
10 2*(total points)

11 1/2*(total point)

20 2*(# unique n-tuples in data)
21 (Total Points) * # dimensions

Tigure 3, Storage Requirements for the Tape or Disc Files
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The program organization is briefly described below. Listed first

are the mainline and CHNXT, the system supervisor, followed by the six-
character link names used during overlay processirg. Under each link
name are listed the routines contained in the link. Link names containing
the alphabetic character "A" refer to links =ssential for proper Gata pro-
cessing: link names containing the alphabetic character "B" refer to links
which outpu' intermediate calculations, but which do not contribute to the
overall program results,

LINKB2
+«...(mainline) -- reserves all common storage, provides entry
point to program, and contains comment cards stating program para-

meters and input deck setup.

CHNXT -~ a small residenr program used to control the entry and
exits of the different links. This routine must comply with the

overlay rules of the operating systein in use.

LINKAi
MAIN -- parameter input and selection is accomplished in this
routine. Also, if the photo classifications and the gain matrix must
be read in, it is done in MAIN.

FORM -- selects and places in common all forinats affecied by

terminal or non-terrinal use.

LINKA?2
INPUT -- performs data input, saves every even point for later pro-

cessing if desired, and changes data to dlternate form if called for.

FPR-FPR1 -- searches data for the maximum and minimum points so

that proper quantization and shifting niay be done in INPUT.

DEF -- defines the single-character symbols o be used in the

classification.
18




A

TRANE -- prints a cross-reference betweer. the single-character
symbols used in the program and the original symbols.

CHANGE -- an assembly language routine which creates a suitable

output format for the data,

LINKA3
PATERN ~- Bayes program

OUTP -- prints out results of PATERN in eye-appealing format.

DECSON -~ selects and assigns to each n~-tuple the proper classi-
fication according to Bayes theory.

LINKB3
DMP -- used for debugging; prints out n-tuples vs. categories
and n-tuples vs. classification.

LINKA4
PLOTER -- classifies and plots input data according to n-tuple
classifications,

SEARCH -- searches a list of n-tuples to iind the list element which
is closest in distance to another n-tuple,

IDIST -- calculates n-dimensional space distances.

19
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Iv. EXAMPLE PROBLEM

Suppose the problem {5 to input a set of data in photographic form,
punch out the datz in the alternate form, print the data identification, and
then classify a new set of data. Let there be nine points in the horizontal
direction and ten points in the vertical direction for the first data set., The
data appear in Figure 4a. For the first part of the problem, the program must
prcduce an alternate data deck, a print-out of the identification, and a Bayes'
classification based on the Iirst set of input data.

The first card is the title card. The next two cards specify the
input and output opticiis needed. The options start in column 1§ and are
separated by commas. The data are in photographic form, so the input
card is:

/INPUT PHOPTS, PATERN

The output card is:

/OUTPUT ALTPCH,STDPNT

The parameter card follows. From the flow chart we see that the fourth card
must specify the number of dimensions per measurement (number of photo-
graphs), total number of measurements, number of quantized levels, and
number of ground trith categories, In our example the number of photographs
1s two and the number of measurements is ninety. We wish to quantize the
data to ten levels and there are two ground truth categories. The fourth

card thus appears as:
2 90 10 2
Since PHOUT! is not specified and STDPNT is, the fourth card must specify

the photograph size, which is nine points horizontal by ten vertical. The
fifth card appears as:
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111151111 S1115
111151111 15151
111181111 11811
1111581111 15151
5555558555 511158
555555555
111151111
1111581111
111181111
11115811)1
1111581111

Photo 1 for Test 1 Photo 1 for Test 2

222262222 32223
222262222 26262
222262222 22322
222262222 23232
333333333 62226
333333333
222262222
222262222
222262222
222262222

Photo 2 for Test | Photn 2 for Test 2

Figure 4a. Data for Test i Figure 4b. Data for Test 2
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Since PATERN is specified and DIAGCN is not, the user must supply
the gain matrix. Suppose we choose a gain matrix where we gain ten for a
correct decision and lose five for an incorrect decision, as illustrated in
Figure 5,

10 -5
-5 16

Figure S. Gain Matrix

The sixth card, specifying the above matrix, is

10. -3, -5, 10.

We must now indicate how the a priori probability distribution is estimated.
We choose to suppose that each identification group has equal probability.
Therefore NOPMALIZED is specified on the next card,

NORMALIZED

The data are in photographic form, so the format for the ground truth identi-

fication must come next. In our example this would be:

(9A1).

After the identification format, the identification itself comes:

AAAABAAAA
AAAABAAAA
AAAABAAAA
AAAABAAAA
BBBBBBBBB
BBBBBBBB
AAAABAAAA
AAAABAAAA
AASABAAAA
AAAABAAAA
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Finally we reach the format for the data, the data itself, and the STOP card.

In our example these appear as:

(911)

111151111
111151111
111151111
1111581111
5555555585
555555555
1111581111
111151111
1111581111
1111681111
111151111
222262222
222262222
222262222
222262222
333333333
333333333
222262222
222262222
222262222
222262222
STOP

The input data deck is illustrated in Figure 5.

At this point we must rur a job with the input deck as snown in Figure

6. The job produces a punched dect of the Bayes classification. We nmust
now identify a new set of data which is {llustrated in Figure 4b. This is
done by a separate job, The first card is, as usual, the title card. The

cacond and third carde are tho input and cutput option cards. The new set
of data is in photographic form, and we wish to have a print-out of the iden-
tification for it, based on the classification of the previous job. The next
cards thus appear:

/INPUT PHOPTS
/OUTPUT FHCUT!

Thera are two dimensions, twenty-five measurements, ten quantizad levels,
and two identification groups. The {ourth card is:
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2 25 10 2

Since PHOUTI is specified, the next card must indicate the photographic
size which is, in our example, five points horizontal by five vertical. The
next card is thus:

The number of quantized measurements in the classification and the Bayss
classification itself come next. These cards were obtained from the output

of the previous job.

For our example, they are:

65.02 35.02 21.01

All that now remains is the format for the data, the data itself, and the
STOP card.

(511)

SI11S
15151
11511
15151
511195
32223
26262
22322
23232
6222¢
STOP

The input data deck is illustrated in Tigure 7,
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1 SUBROUTINE CHNXT A 1

L4 DIHENSION NAME(D) " 2

3 CONMON MPRY,.FORNTL(32) L I |

] COmmON F n s

9 COMMON FHTL(19),FMT2(3),FNTO(S), FNTLI1(6).FNTAI2(?),FNYLI(S),FNTI4C(2 ~» 3

[ 1), FMTL8(2),FuT22(3),FNT86(6),FNTSY(4),FNTSB(S) L] [

7 COmMON LO8,L9.L10,L18.L32,083,L24 A ?

[ ] COMMON N, W, LEVEL,X21,XCOUNT (36), ITAPE,ANAY(629),LT,L1,L2,L3,L4,L9, B &

’ L, XX, X, MY, K, LT, A, %8,HC,22(24000) LI /

10 LOGICAL LY,L1,L2,L3,0L4,L%,L6,L7 s 10

11 LOGICAL LO,LP,L20,0L38,012,0L13 LI 3

12 INTEGEN ¢ e 12

13 DATA NAN/§NSTOP / " 1)

14 (4 oo " 14

13 c K POINTS 1O LINK IN USE "

14 [4 s 5 1

17 4 Koxey e 37

18 G0 10 12,3,4.%.,6.7), K LI ?
19 ? READ (F,9) NAME . 10 3
20 IF (NAME{1).EQ.NN) STOP LI 3
21 [4 CALL ™AlN

2 CALL LINK (OMLINKAL) N 21 L]
23 ¢ CALL Impyy

24 3 CALL LINK (SWLEINKAD) 8 22 10
4] 4 'F (L6Y GO YO & LI }) 11
26 CALL LINX (0ALINKAY) s 24 14
27 S 1Y (Le) GO T2 & 25 13
) CALL LINK ¢ouLIN"O3) 9 26 10
?” ¢ Ke3 B 27 19
30 17 L7y 6O ™H Y B 20 20
3 CALL LINK (OHLINXAS) P29 3
32 7 IF (L12) GO T0 @ s 30 24
33 Xa0 LI S SN 1/
34 GO Y0 1 s 3 28
13 (4 oo s 3

36 c IF DATA 79 RUN 1N NALFS SET UP PARANETERS o 3¢

37 (4 see [}

38 8 Li2e.FALSE, n 3 29
39 L13s, TRYE. 3 W
49 L9, FALSE, " 3 31
L3 Lbe, TRUE, s ¥ N
42 L7e, FALSE, LI Y | 3
.3 nenPQy/2 e 4 34
" [TT n 42 33
43 WRITE(6,100) N 36
4 100 FORMAT(//734N SECOND NALF, NUNBER OF POLINTS IS ,110) 3
a7 g0 TC o 43 3¢
(1] ENTRY WNAME o & L)
1] ¢ ree e 43

0 [4 PRINT 1D Nang n e

1 3 [4 (XYY s &

32 WRITE (6.FnT22) wang [ IR ] .o
33 RETYRN [ I 1 [} ]
34 4 [T [ T}

33 4 8 9
11 [ (1YY [ K ¥
$? ¢ FORMAY (3a8) ® 33 4
3 [1]] 8 %4 44
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GO IS 56 Wi »

nan

SUBROUTINE FFRM(L)Y

CONmMON mPpQg ,FORNTL(12)

[{-LLIT N

CORMON FRTY(19),FRTR0(I), nreq9),Fntgy(e), urs2(?) . PRT13¢3),FNTL4(2
1),FNT1602),FRT2243),7NVY00(6),FnT37(4),FNTS0(8)

DIMENSION 0(84), T(44)

LOGICAL L

INTEGER 7

DATA T/78M 077308, 60,180 A OnBLE TA,0MOLE /77,00 10K,2,0000PL0T7,0M Sy
IMB0,OMLS VS ONINPUT ,eMSYRAOL,0MS  //2,6M8X, AL, s 6M12N,A0,0M)
2.0m COMEZT0X, o 0RAL TN, OM,A0)  LON(2TN, I ONONTRAL, GNNING R, 0N
JEGIONS 6M 77) L 0MI24X,2,0M0MPHOT.OM0 CLAS,OMNSIFICA,ONTION /,0M/)
[ dOME//7LON, 00, 20NTR, GNATNING, 0M REGIO, 0MN CLAS.GNSIFIED, 0N AS /)
S, 4NN, 0(,8MIN,12),6%/) dONILIMe, T, 0NN, ALY LOMIDX, AL, 0N) s OM
GUIML,2,0M3N, 340,007/  JON(26X.2,0M2NTHE ,0MPRODAD, ONILITY ,oNNaT
IMIN, oMY SOMEOR, 12,00, 002%,,8MF4,2)),6M W 8%(2/277,007/218,
S ONIIMTOT, ONAL PRO,ONDADBILT,4NTY //2,0u3X,168,0N2,4) ¢

DATA Q/8M{/7/60%,8M, LANLA. GNBLE TALONOLE 7/, 8N31K,31,6uNPLOT ,ENEYN
L00L,0MS VS GMINPUT ,6NSTYRBOL,6MS //96,6MN,48,1,6M21,40),0M

2.6m cOME/ZSON, s 0NAL 12N 0M AS)  LON(ITN, L, OMONTRAL ,QUNING R, oM
JECGIONS, 6 7/7)  ,OMISON,2.6H0NPHOT,ON0 CLAS,ONSIFICA,ONTION /,0H/)
4 dOM(7790K . 0N, 2ONTR,gNAINING, 0N REGTO, 04N CLAS, ONSIFIED, 0N AS /)
S.0n(aR, B0,0M13X,12:0%)7)  OM(LMHe 2, 0NN, AL) 6N (2X0A,0M)) 00
Se1ny,3,0080,340,007/) NI, T, ONTHTHE ANPRODAD, ENILITY ONNAY

TRIX, N ) N (IR IR, 0M. 003K, ,0m812.4),06M) v8NCL/217,807/%1 0,
S, ONLTHTOT omal PRO,EMBABILE, ONTY /7, 0n/330,8.00E12,4)/
LXT]
SETUP FOMNMATS FOR usSE IN THE PROGAAN
LIT]
IF (L) 60 10 2
DO § lej.é4
RYLclyvett )
RETUAN
DO 3 1.1,6¢
IuTLetyngtl)
RETUAN
Enp
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17364 0) 05-02-49 18. 340

1 SUAROUTINE QUIP (QESULT,N) A 1

H NIMENSTON RESULT(R.NY, IDL(20) 62

3 COMMON %P7y, FORAMTY(12) " 3

L comMuon ¢ L] 4

5 COMMON FHTTI1S),EnTZIN), FAT0(S),FuT11(6),FnT12(7) FHUTL313),FNT14(2 n 5

[ ) FMTLELD),FUT22(3),FMTS6(6),FHTST(4),FHUTSA(A) n 8

? CAMMON LA, (4. L10.L1100L12.L13,0 00 N7

[ {HTEGER F n L}

° DATA INL/ZSWT, INR,IHUSIHE  EH o 1MT, IhR, THA IHT, LMN, IHT 42 HN,IHG, 1M .1 A °

10 THR, {HE L IMGL IHT o140, 1Ny f e

9 c vee LIRS

12 4 PRINT OUT PROBAGILITY MATRIX [N PURLISHABLE FaSuiow n 12

13 4 Sea RE]

14 1121 0 14

19 IRAE Y] L ] 2
18 NNeN n 16 3
7 1 CALL WNAME n 17 4
13 NV LY 5
19 IF (x,L7.8) GO TO ¢ n o319 [)
20 LINEnD 6 20 9
21 1) 6 21 10
22 NS825+% 622 11
23 1F (NS,E0.0) GO TO 3 0 23 12
24 D0 2 1si,~NS n 24 15
2% LILEeL INFol n 25 16
26 ? WRITE (6.1%5) n 26 17
2?7 3 LINESUINEe? 6 27 20
28 WRITE (6.16) 6 28 21
29 WRITE (6,FHT12) 6 29 2%
R WRITE {6,FuT13) (l.1e]g,11D) n 30 25
3 1F (LINE,NE.24) G0 TI 4 6 31 3
L) WRITE (6,FHT14) 1DL(1) n 32 33
X3 4 DO & JUsi,N n 33 36
34 LINESLINEey 6 34 3?7
35 MRITE (6,FHTS?) J,(RESULTCL,J), Io0L, 111D n 35 38
35 IF (44-LINE,LE.0) GO 70 S n 36 44
37 Lal INE=-23 o 37 47
as 1F (L.LE.C) GO TO 5 n 38 a8
39 WRITE ¢6,FmTy4) 1DLCL) n o3 5t
40 S LINFalINEey [ ] 54
a1 WRITE (6,15) 6 41 (1]
42 1F (44-LINE,LT,0) 50 Y0 6 0 42 57
43 L= INE-23 n 43 60
a4 IF (L.LE,0) GD TO 6 " 44 61
13 WRITE (6,FMT14) 1DLCL) n 45 64
48 6 TCONTINUE n 46 67
LY 7 LINESLINEeL n 47 69
48 L INE-23 N 4A 70
49 IF (L.6Y.20) GO 0 8 n a9 71
50 WRITE (6,FMT16) 1DLIL) N 50 74
51 G0 To 7 o 3 77
52 A NNaNN-K n 52 78
53 Ilullep n 53 7%
54 lilslllen n 54 L]
55 IF (NN,GT.0) GO TO 1 N 55 81
56 RETURN LI 1.} a4
57 O N0 10 1#1,23 n o S7 8%
8 10 WRIYE (6,1%) (1] 86
59 WRITE (6,16) 6 59 89
a0 WRITE (6,FMT12} n 60 91
81 I1lstlen-y n 61 23
2 WRITE (6,F%713) (1,101,100} L ¥4 94
63 WRITE (6,F=T18) 1D (1) n 63 99
o4 LINF224 0 &4 102
o5 0 12 Jsi,N N 465 103
(1] JINEsLINEey N 66 104
a7 WRITE (6,FMT57) J (RESULT(T. 1), Inll, 011} A 47 105
L] IF (44-LINELLE,0) GO YO 11 n 68 111
A% Ll INE-23 nos9 114
0 IF (L.LE,0) GO TO 13 o 20 11%
71 WRITE (6,FmT14) IDLLL) "N 71 118
72 11 LINESLINEey n 72 121
73 WRITE (6,1%) n 73 122
74 IF (44-LINE,LE,0) GO TO 12 0 74 124
75 Lot INE=23 n 15 127
T7é IF {L.LE,0) GO YO i2 n 76 328
7?7 WRITE (8,FNT14) IDL(L) n 77 13
78 12 CONTINUE 0 78 134
79 13 LINESsLINEe] no79 136
»0 Lal INE-23 n 80 137
(2 IF {L.6Y,20) GO 7O 1¢ 0 81 138
a2 WRITE (6,FMT168) 1DL(L) 0 82 141
83 60 Y0 13 N 83 144
[ Y . 14 RETURN n 84 145
3] c sos n 85

06 [ L1}

a7 [4 Sea n 87

(1) 15 FORMAY (/) n 88 148
(14 14 FORMAT {S7x,17HCONTINGENCY TARLE) n a8y 16
L1 END N 90- 148

OQOOOOOODOOOOGOOOOVROOOOOOOOOOONC
. 22939 WORNS OF MEMORY USED BY THIS COMPILATION
QOOOBOOOOOOOODOOOOCONOOOOONDOOC
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c
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[

c

c
1
2
3
4
-]

c
6
?

c
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c

c

c

[

01 0%5-25-4v 21.n06 CunEx EXSCUTIQV REPORT
FORTRAN NLECK s CNOMOK
SUPRNUTINF SEAPCH (KPT,KLAS, XK, SYMAROL, J2.MP,K,LEVE.)
DIMENSION PRY (D), KLAS(2), SY(V6)
RIMENSION PP (100)
DIMENSION | IST(2)
COMMON /18777 1ST
DATA SY/1MA,LHE  {HC  IND THE L IHT  LHA G IHb G RHT  1W, 1M LHL  IHN, 1N, 1M
10 1HP  IHO YR IHS , LHT, IHU THY Ll A, 1HX, THY, IHD, 1], 1H2, 1H3 . 164, 1M,
QM6 1HT LI RE, 1IN, LN/
K 1S THE CATEGORY NUMRER
SYMROL IS YHE CATEGORY CNNE
KK 1S THE COMPACTFD NTupL®
J2 1S UPPER LIMIT FOR KPT AND K_AS ARRAYS
LOOK FOR rOMPACTED N=TUPLE Wi fv (|ST
XSx0
XLrgPel
KTRYx(KS*K()/2
CONTINUE
IF(KK=-KFT(KYRY)) 3,4,2
IF teKL-¥$),LE,1) GO TO S
K_SKTRY
KTRY= (KL +KS+1)72
G0 TO 1
IF (KL-KS.LF.1) 6C T0 5
KSa TRY
KTRYz(KL*KS)/2
60 TO 1
KesK{ AS(KTRY)
SYMBOL2SY (K}
RETURN
CONTINUE
XK CANNOT HE FOUND DO NEAIEST NIIGHAOR SFARCH
11z1DISTE(KV,KPT(1).NP,LEVFL)
Lzl
KP(1)31
00 7 Js2,4?
12=INISTIKK, ¥PT( ) NP,LEVEL)
1F (11.L7.12) 6O t0 7
IF {11.,NE,12) 60 7O 6
1F(L.GT.99) GO TO 7
Lape?
XP(L)2)
60 T0 7
CCONTINUE
11212
L=l
KP(1ysJ
CONTINUE
XzRCHM(IST)
KexXebLOAT(L-1)°1.%
KP 1§ THe ARRAY CONTAINING TWE INDEXES FOR ALL THISE POINTS IN
THE XPT ARRAY WHICW ARE CLOSEST TO K«
L IS THF JPPER LIMIT OF xP
WE WILL CHOOSE ONE POINT FROM YWHE KP ARRAY AT RANCOM AND
IDENTTFY K« WITH THE CATEGORY OF THE POINY IN KPT ASSOCIATEN WlTN
THE RANDOMLY CHOSEN ONE
KeKP(K)

& KaKLAS(K)

19379 01 05-25-69 21,006

-

SYMROL®SY (K
RETURN
END

CMGzx EXECUTION REPOMY

FORTRAN NDECK,COMDK
FUNCTION IDISTI(KO.KP.NP, LEVEL)
101§7e0
KK2KG
LLeKP
NP1aNP=1
D0 1 J®1.,NPY
KanK/LEVEL
L1sKK=-KeL EVEL
TalL/LEVEL
L2=LL=ToLEVEL
L]

LLs}

10°S1miDISTe(LL «L2)0tLL-1.2)
IDISTSICISTe(x=1)o(K~])
RETURN
END
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TEST DATA

LABLE TaBLE
PLOT SYMBOLS VS IMPyUY? SyMBOLS

52

A A
8 B
TEST DATA

ABBABRBABA

TRAINING REGIONS ABBABKBABA
ABBABBRABA

ABBABRRABA ABBABRARABA
ABBABRBABA ABBABREABA
ABBABRAABA ABBABRRABA
ABBABRBABA ABBABRBABA
ABBABRBABA ABBABRDABA
ABBABRBABA ABBADRAABA
ABBABBBABA ABBABARASA
ABBABRBABA ABRABFBABA
ABBABRBABA ABBABRBABA
ABBABRBABA ABBABRBABA
ABBABRBABA ABBABRBABA
ABBABRBABA ABBABRBABA
ABBABRBABA ABRABRBABA
ABBABBBABA ABAAERBABA
ABBABRBABA ABBABRBABA
ABBABRBARA ABBABRBABA
ABBABRBABA ABBABRBABA
ABBABBBASA ABBABERABA
ABBABRBABA ABBABRBABA
ABBABRBABA ABBABRBABRA
ABBABRBABA ABBABRRADA
ABBABRBABA ABRABRARABA
ABBABRBABA ABBABRBABA
ABBABRBABA AAAAAAABBR
ABBABPRABA AAAAAAABBR
ABBABBBABA AAAAAAARGS
ABBABRBABA AAAAAAARSS
ABBABBBAGA AAAAAAARBSR
ABRABRBABA AAAAAAABBR
ABBABRBARA AAAAAAARBYH
ABBABBBABA AAAAAAABSBH
ABBABRBABA AAAAAAABBY
ABBABBBABA AAAAAAARBB
ABBABBBABA AAAAAAABGPR
ABBABBAABA AAAAAAABGH
ABBABRBABA AAAAAAABSBY
ABBABRBABA AAAAAAABGY
ABBABRBABA AAAAAAABSBR
ABBABRBABA AAAAAAARBH
ABBABBBARA AAAAAAABBR
ABBABRBABA AAAAAMARBRA
ABBABRBABA AAAAAAARBH
ABBABRARARA AAAAAAABBH
ABBABBBADA AAAAAAABEH
ABBABRBAGA AAAAAAABBR
ABBABRAABA AAAAAAARBH
ABBABRRAGA AAAAAAAKEY
ABBABHAARA AAAAAAABBY
ABDABRRABA AAAAAAARGY
ABBABRAADA AAAAAAARBR
ABBABHRABA AAAAAAARGH
ARBABRBABA AAAAAAARBY
ABAABRBADA AAAAAA LRGN
ABBABRBABA AAAAAAABRGH
ABBADNQARA AAAAAAAREH
ABBABRBABA AAAAAAAREY




2
$010mnd °"ON

[ 2] L4 114

NO193k InINlvMy

00 300¢9°9
AL1I16vE0¥d 7104

SY G3141SSv10 %0193y Ininlvyy

RIWiva AL1T1IBYE0NG ING

viva 1S3

14

$713427°0M
Q321 Tvnyon

viva 183l

[ 14
[1])
(114
(11}
(11
(174
4

a0 3ef09°'0
09 Jcsrs° e
2

2
SHOI93N Owinlvey

3
(114
o0
(114
20

1)

‘on

80 ItIT1°0
0 Igesr’e
-

$3%4N =N

A= R=TY SBWO—-O2

-8 Dw

53

I &




TEST Data

ARBAROGGA

PHOTO CLASSIFICATION ARpABLROpS
ABRARTAURA

«BRABHABAS 4094R4A9S
AHBABRAREA ABRABPANGA
ARQABRRRPS ABRAQEANRA
ABRABMAHRA ABHAPFRAPA
ABBABORAGA ABPARHRARA
4884853884 [LLER-LULT T
ABRABRAREA ABRABHRRGA
ABBABPRREA 'CLYCEETTT)
ARBAERSRAA FLETT. EEEL
ARBABRALBS ARBABIRNGA
ARBABRRAG A ABS4ARARRES
ANRABHANGS ABDBABRREE S
AGRABPBAGS ABEABARRG.
ARRABRANRA AdBABRBIRA
ARRABRAPEA ABRARHAHGA
ARRAB®RRBS LIVELLT I
ABRABRANDA ABAAGRANDA
ARBABUBRBA ABBABHARES
ABRABPERQL ARMARORHRA
ABRaBRANpA ABDABRAARA
ARRABREPPA ABBADREMRA
ABRAZRENAL ARMABRRARA
AHAABRLANS ARDARUREGA
ARBABRRHYS [TCLILTEI
ABBABNANDA (LA
ARBABRAABA BABRBAARDS
LRI RILI TS BABUBNAHRL
(LLYY LLET I BAQRBAARGA
ABBADRAHDA BABRERLABA
ABBABPANDS [ ZLLLLFL] T
A09ABURHRA BADRANARDA
ABRABNBRBA [ 1Y 1) LYY )
ARBARHGRAS BABRAN, AR
ILLYFLLLY 1 BABRPRARDA
A8B4B98AGA RABRYS, AR
ABDABABREA 84B898RA0 04
ABRABARRPA BABARAANR:
ABBADHIRBA [ILLILICL
ABBABRARRA (7Y LLLTLI Y
ABRABRRRRA BABRRY, AR

2904078004

ABRARRRHOA
A

’
ABIABHBUDS
ADBADRAANS
ABRARFBEDA
ARBABARHAS
ANQAD-BARA ADDA
ABBABBHRA (YR LIV
ABNARHBRDS ’
ABRADPQUDS
LITT Y

TEST Data

COMTINGENCY Tap§

TRAINING RESLION CLASSIFIED AS

1 2

t

[] 1 0.1000F oo 0.12008 ¢
v

[ . 0.20008 0 0.16008 0
'
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4
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1

L]
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t
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PHOTNH

14623552510
1403822840
14035525910
1403552510
14015%2%10
14015528510
1403%%2%4q
1403552510
14035%2%510
1493552%1n
1403%%2%10
140355001

14035%2510
1403592511
14035552%10
1403852510
1403552510
1403592510
1403552510
14193552%10
14035%2%10
1403552510
1402552510
1402592510
14035%2%810
1413532510
14035852%10
1403952919
14n35%2%10
14n039%5%29%10
1403592510
1402592910
1403592510
14035%29%10
1403992510
14039%2%10
1403552910
1403%552%10
1403552510
14035%2510
1403852510
14035%2%10
14035529510
1403592510
1403992910
14039323510
1403852810
1403982410
14039521418
14015892818
1401992118
1403332430
14033321110
14039320188
140193213308
1403992518
£ 403532310
1603932020
1403932%10

1

14035%2510
14039%2510
1403552510
1403%%2510
1401552510
3403952510
1403552510
1403552510
1403%%2510
1403552530
1403952510
1403552%10
1403%%2510
14039%2510
14035%2%1¢0
1403552510
3483%5%254¢
1403552510
1403552510
1403895%2%10
14013852511
1403552510
14215%2%10
$n2%20123n
$a2%2n1230
3N2952n1230
9020201230
§n28271230
3n2%203240
Se2%203230
5029201230
$n2%2n1230
31025253230
80242012306
$n25201230
30202112130
5025201230
$42520123
$42%201230
$025201230
$12%201230
9023201230
025201230
5125201230
S02%201230
3025201.230
25201230
9024201230
9029221230
3029201230
$A25221230
3029201230
3025201230
$823201230
9025201230
$n25201230
3025201230
3629201230
3025201230

S5

1403552510
14035%2%1n
14N35%2%10
1403552910
14135525180
1401552510
14035%2%10
14n35%2510
1403552510
14035%2510
1403552910
1403552510
1403552810
1403592530
1403552510
1403552%10
14n35%2%1n
14035529110
14n3%%2%10
14035%2%10
1403%52%10
14713552851
140135%2510
14133%2%11
1403552510
1402592510
14035%92%10
14n3552%1n
14035%2%10
1403992510
1413952818
14135%2510
1403552510
1403952510
1403552%10
1413552910
1403952810
1403552510
1401%%2810
14723592910
1403992910
14039%2%10
14031592310
1403992916
1403592510
16403552910
140395%2510
140)952910
1403992910
1403552910
1413952910
1401592910
14035982%10
14039929510
1401552910
1403392930
1403992%10
1403992310
1403332910

eunTe

2

1403592510
14039%251n
1413552510
1433552510
140.9%2510
14735%2510
140358294
1401582510
1405592810
1403952510
1403552530
14M25%2510
14031592510
14029%2%n
1403552510
1403552%10
1403552510
1403952%10
1403552510
1403552810
14038524510
1403552510
14035%2%10
Sh2%2nr1230
525201230
5r252€123n
5020201230
$12%271230
5425201230
Sn2%2n1230
$n2%201230
Se2sanr123¢e
Snasary1230
5r252101230
$n2%201230
5n0252r1230
5n2%201230
95025201230
9025201230
$n2%2r1230
825201230
5a2%201230
$42%221230
$02%201230
$n02%201230
9025201230
$22%201230
3029201230
3023201230
302%201230
5025201230
3025201230
9029201230
3025201230
$n25201230
$02%201230
3025201230
3024201230
3024201230
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TESY DATA

LABLF TARLE

PLOY SYMBOLS VS IMPUT SYMBOLS

R

A

TEST DATA
ABAABBABAA
TRAINING REGICNS ABAABRABAA
ABAABRABAA
ABAABRADAA ABAABBABAA
ABAABBARAA ABAACRABAA
ABAABRARAA ABAABBABAA
ABAABRABAA ABAABRARAA
ABAABRARAA ABAABRARAA
. ABAABRARAA ABAABRABAA
‘ ABAABRARAA ABAABRARAA
ABAABRARAA ABAABRABAA
ABAABRABAA ARAABRARAS
ABAABRABAA ABAABRABA2
ABAABRABY - ABAABRARAA
ABAABFARA.- ABAABRABAA
ABAABFARAM ABAABRARAA
ABAABHARAA ABAABRARAA
ABAABAARAAL ABAABRARAA
ABAABRAR)A ABAABBABAA
ABAABRABAA ABAABRARAA
ABAABRABAA ABAABRABAA
ABAABEABAR ABAABRARAR
ABAABPARAA ABAABRARAZL
ABAABRARAA ABAABRABAA
ABAABRABAA ABAABR, 3AA
ABAABRABAA ABAABRABAA
ABAABRABAA AAAAAABBBB
. ABAABRABAA AAAAAARARBER
ADAABRABAA AAAAAABRBE
ABAABBABAA AAAAAABBBB
l ABAABRABAA AAAAAABRBH
E . ABAABRARAS AAAAAABRES
ABAABRABAA ALAAAABBBH
ABAABRABAA AAAAAABRBR
ABAABRABAA AAAAAABBBH
ABAABRARAA AAAAAABRBS
ABAABRABAA AAAAAABRBR
ABAABRABAA AAAAALRBBR
ABAABRARAA ALAAAABRBH
ABAABRABAA AAAAAABBBR
ABAABRASAR AAAAAABBES
ABAABAARAS AAAAAABRER
ABAABRABAA AAAAAARBESB
1 ABAADPABAA AAAAAABBBR
A3AADRARAA AAAAAABRBSE
ABAABRABAA AAAAALRRRBE
ABAABRARAA AAAAAABRBE
ABAABBABAA AAAAAABRBD
ABAABAABAA AAAAAABRBR
ABAABBARAR AAAAAARRER
E ABAABBABAA AAAAAADRBB
ABAABRARAA AAAAAARRAB
ABAABRABAA AAAAAABRBA
ADAABRARAA AAAAAARRES
ABAABRARAA AAAAAABRBE
ABAABRARAR AAAAAABRBE
ABAABRABAA AAAAAABRBR
ABAABRABAA AAAAAABRBY
ABAABRABAA AAAAAABRBR
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1
0,1400E 04
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TYEST DATa

PNOTO CLASSIFICATION

?
0.1000¢ 04
0.1200% 0¢

B0ARBPANGS
PEANEOAABA
834RR0ANEA
8DARBHARRS
BHARBTAREA
BRARBRAREA
DHARBOARRS
RBaANBRAPRA
RBARBRaUpA
BRARBHAREBS
PRARBRARAA
ARARBAARPS
BRARPLAEBA
RBARBRARBA
QRARBPARAL
RBARBPARBS
ABARBHABAA
RHARBRARBA
PAARDIARBA
AJARDPAFRDL
RBARB"APBA
BBARBRAREE
RRARBRAKBS
RBARBHARBA
RRARBRAREA
RRAABRARBA
ARARBHARRAA
BEARBRAREA
B8ARPARAA
BBARBRALEBA
RBARBZARBA
BRARBHARAA
BOARPFAREA
RBARBHARBA
RAARBHARBA
BRARBHARDA
BBARPRARYA
8BARBRARBA
BRAARBRARBA
BRARBRABAA
RBARBHARBA
BEARBRA3BA
RAAABUAHBA
8DARBYARDR
REARBRARAA
BBASBRANDA
HEARERIRRA
RUARBRABBA
ARABBPARBA
ABARBRARBA
BEARGRARES
BUARBPARRA
RBARBRARBA
RBARBPARBA
BRARBRLADS
BAA99RABBA

TEST DATA

galngn‘uan
QRARBHARRS
BRANALAARS
BRgdRULRRA
RRARBSARPA
agaARgLALBA
RRAAGIAPGE
ARAREOAREBA
ARADEDANGA
ngAngraugs
BBAGBRANRS
RRAANBRAPAS
9RaRgNAREA
ABAAPRARGE
BRANBIARGN
BRARBRAADA
ARARBRARDS
RRARBALYBA
ABARRIAND A
BRARB-ARPA
RBARERARBA
ABARBAARPA
30ARBEARRA
ABARBRARDA
ARARQAAREA
BBARBRARBA
RAARAARABA
RAARANGABS
BAARAARABA
RAARAABABA
BAARAAAAGA
LYYLYYLTY-R)
BAARALARABA
BAATAARABA
BAARAADABA
RAARAARARA
BAARALRADA
RAARALDADA
BAABASDABY
LYYLIYLIN:TY
BAARASRLABA
PAAGALGARY
BAARAABABA
BAARAARABA
BAARAARABA
RAARAADADA
[(TYLIYLIY:- T
BALRALRARA
AAARAMRABA
R:40418:34
BAARALGABA
RAARAARADS
RAARALRAGA
RAaRALBADA
RAARAAGAAA
BALOANRADA
AAASALBARA
BAARALBADA
BAARAABADA

CONTINGENCY Tap' ¢

TOAINING RECIO
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